SUMMARY Fourteen patients have been studied hemodynamically 4-10 years (mean 5.5 years) after the Mustard operation for transposition of the great arteries. Investigation was directed principally at 1) the detection of baffle obstruction by catheterization of the pulmonary veins (PV) and venae cavae and recording of simultaneous right ventricular (RV) and pulmonary capillary wedge pressures (PCW); 2) the detection of intra-atrial baffle leaks by dye curves and selective angiography; 3) the assessment of RV and LV function by calculating peak VCE (dp/dt/28p) from high fidelity recordings in 11 patients. Severe baffle obstruction to the PV return was found in only one patient. The others had no or minimal gradients between RV end-diastolic and PCW pressures (mean 1.3 ± 0.69 mm Hg). Cardiac output was normal at rest (4.1 ± .22) and increased to 7.1 ± .62 L/min/m' (+73%) but the gradient between the RV end-THE PROGNOSIS FOR PATIENTS with complete Dtransposition of the great arteries (TGA) has improved markedly since the introduction and acceptance of balloon septostomy and the intra-atrial baffle operation." 2 The intra-atrial baffle redirects venous return to the heart, producing functional but not anatomical correction of the defect. Clinical studies of early and late postoperative survival are well documented and have shown the modification of the natural history of TGA, which may follow a successful intra-atrial baffle operation.35 A previous report of the clinical course of long-term survivors followed at the diastolic and PCW pressures remained insignificant (2.2 ± 1.13 mm Hg). No evidence of caval obstruction was found in any patient. Baffle leaks were found in five patients with mild bidirectional shunting.
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All arterial oxygen saturations were above 90%. Mild tricuspid regurgitation was demonstrated in two patients by RV angiography and was absent in 12 others. The contractility index peak VCE averaged 1.87 ± .122 sec-' for the RV and was significantly lower in the LV (1.53 ± 1.35 sec'1, P < 0.01). Only one patient presented significantly decreased RV contractility with a peak VCE of 1.07 sec-' and poor contraction on the RV angiogram. These data indicate that the long-term prognosis after the Mustard operation should be good in most patients and that the right ventricle is capable of functioning at the level of contractility of a normal left ventricle.
Hospital for Sick Children, Toronto for up to eight-and-ahalf years postoperatively, suggested that 73 of 80 long-term survivors were leading a normal life.' Reported hemodynamic studies, however, have been few in number and have principally involved patients who were in the early postoperative period when investigated or who had postoperative complications requiring hemodynamic assessment.7'-"
In this paper we report the results of hemodynamic and angiographic studies in 14 children four to ten years after the intra-atrial baffle operation for TGA. dp/dt/28p (from total pressure) calculated every 5 msec during the isovolumic phase for three consecutive contractions. An average peak value for VCE was then obtained from the plot dp/dt/28p against pressure. fig. 1) .
In seven patients the mean pulmonary venous atrial and systemic venous atrial pressures were identical; five of the seven had small intra-atrial baffle defects. In two of the seven patients the pulmonary and systemic venous atrial a and v waves were identical; in the remaining five the a wave or a cv wave was greater in the pulmonary venous atrium than in the systemic venous atrium.
Only one patient had evidence of pulmonary venous obstruction (C.B.). This boy was first studied seven years postoperatively. He demonstrated by angiography ( fig. 1) investigated in the present study had any evidence of superior vena caval obstruction up to ten years postoperatively. Pulmonary venous obstruction due to the intraatrial baffle is a much more serious complication and is almost invariably associated with severe symptoms. Like superior vena caval obstruction it has usually been a complication recognized fairly early after surgery and in most reported experience has occurred within six months of operation.3' 1, 1 One of the 14 patients in this study had evidence of severe pulmonary venous obstruction when studied nine years postoperatively. An earlier study, performed seven years postoperatively, documented the presence of pulmonary artery hypertension but a reliable pulmonary artery wedge pressure was not obtained nor were the pulmonary veins entered. This case emphasizes the importance of attempting to selectively catheterize the pulmonary veins in any patient with unexplained pulmonary hypertension postoperatively. In view of the boy's relative well-being throughout the postoperative period, it is difficult to speculate as to when the pulmonary venous obstruction developed.
The mechanisms responsible for baffle obstruction have not yet been well delineated. Mohri et al. experimentally confirmed graft shrinkage and thought it likely that some degree of obstruction of the patch occurred in all patients after the intra-atrial baffle operation.'3 They also demonstrated, however, the growth potential of adjacent atrial tissue without any deleterious effects on the growth and function of the heart. The evidence of the present study suggests that graft shrinkage was not a problem and perhaps supports the concept of the growth potential of adjacent atrial tissue. Graft shrinkage has been the most commonly postulated mechanism for the production of baffle obstruction, but we believe that the stenosis could also result from adhesions between the pericardial baffle and adjacent right lateral atrial wall, producing a posterior and anterior pulmonary venous chamber as seen in fig. 3 . The experience of several reports that baffle obstruction is more likely to occur in infancy may well reflect the greater importance in this group of patients who have smaller atria of tailoring the baffle precisely and paying careful attention to its geometry. Our experience with obstructive problems from the intraatrial baffle has been reported previously and suggests that this should be an uncommon clinical problem. 6 The present study reinforces our clinical impression that problems associated with shrinkage of the baffle are unlikely beyond one year postoperatively.
Like Rodriguez-Fernandez et al. we found that baffle leaks were common and these occurred in seven of our 14 patients.10 These leaks were not associated with any significant degree of intracardiac shunting in any patient and in particular no patient was cyanotic because of a baffle leak. The most common site of baffle detachment was at the superior vena cava and atrial junction, but in no patient was there any evidence of associated superior vena caval obstruction.
Waldhausen et al. reported tricuspid regurgitation after the intra-atrial baffle operation3 and Tynan et al. found tricuspid regurgitation in 17 of 21 survivors studied up to six years postoperatively.8 In our experience this has been a rare complication' and in this study only two cases of mild tricuspid regurgitation were noted. In contrast to the patients reported by Tynan, 13 of the 14 patients studied by us were transpositions with an intact ventricular septum. Nine of the patients studied by Tynan had a ventricular septal defect preoperatively. One may therefore suspect a link between closure of a ventricular septal defect and tricuspid regurgitation. Tynan, however, found that there was no significant difference in the frequency of tricuspid regurgitation in his patients with an intact ventricular septum; the two patients with mild tricuspid regurgitation in this report also had an intact ventricular septum. Tynan suggested that pre-existing tricuspid regurgitation and postoperative arrhythmias were the main determinants of the postoperative tricuspid regurgitation; neither of the two patients in our study with tricuspid regurgitation was in sinus rhythm when investigated postoperatively. The mean age of Tynan's patients, both at operation and restudy, was considerably greater than the mean age of the patients in this study, and it may be that deterioration in right ventricular function and tricuspid valve competence with age prior to operation accounts for some of the difference.
Only three patients in this study had a systolic pressure difference greater than 20 mm Hg between the left ventricle and the main pulmonary artery. In one of these patients it appears possible that the degree of subvalvar obstruction had increased postoperatively since the left ventricular pressure in the early postoperative period was 49 mm Hg compared with 80 mm Hg at the time of restudy. RodriguezFernandez et al. reported a case of left ventricular subvalvar stenosis which appeared progressive in the postoperative period. This complication, however, seems to be very rare.'0
We believe that the present study also provides some objective evidence that the long-term functional capacity of the heart, following the intra-atrial baffle operation, is well maintained, despite the presence of arrhythmias and small residual defects in the atrial baffle. The pulmonary venous atrial pressures and right ventricular end-diastolic pressures were normal at rest, and were not significantly altered after isoproterenol infusion. Despite a substantial rise in cardiac index following isoproterenol from a mean of 4.1 ± .22 to 7.1 ± .62 L/min/m2, the gradient between the right ventricular end-diastolic and pulmonary capillary wedge pressures remained insignificant ( 
